Abstract: Investigations into the oral health status of indigenous populations are scarce. The aim of this study was to evaluate caries experience and associated factors among 342 indigenous children and adolescents aged 5-15 years of the Xukuru community in the municipality of Pesqueira, Brazil. A cross-sectional census study was carried out using the criteria of the World Health Organization to determine caries experience. Examinations were performed by two calibrated dentists and a questionnaire was administered to parents/caregivers addressing socio-demographic data, diet and oral hygiene habits. Logistic regression analysis were performed, with dmft and DMFT as the dependent variables (P < 0.05). Caries experience (dmft/DMFT) was high in both the primary and permanent dentition (75.6% and 62.9%, respectively). Mean dmft and DMFT indices were 3.11 and 2.21, respectively. Caries experience in the primary dentition was associated with children residing in villages far from urban areas (P = 0.016), while caries in the permanent dentition was associated with older children (P < 0.001) and with children from villages at an intermediate distance and far from urban areas (P < 0.001). The indigenous subjects exhibited a high degree of caries experience, which was associated with age and group of villages. Public policies are needed to improve the oral health status of this population. (J Oral Sci 57, 123-129, 2015)
Introduction
The indigenous population in Brazil is estimated at 817,963 individuals distributed among 4,774 villages in 448 municipalities in 27 states (http://www.saude.ba.gov. br/dab/arquivos/DIRETRIZES%20INDiGENA%20 DA%20POLiTICA%20DE%20SAuDE%20BUCAL. pdf., http://www.ibge.gov.br/home/estatistica/populacao/ censo2010/default.shtm). Investigations into the oral health status of this population are scarce, especially when considering children and adolescents (1, 2) .
Until only a few decades ago, indigenous populations had low frequencies of dental caries (3, 4) . However, an increase in the prevalence of this condition has been observed in such populations, with rates ranging from 32.5% to 89.2% reported in both Brazilian and international studies (1, (5) (6) (7) (8) (9) (10) . The progressively increasing consumption of processed foods rich in sugar among indigenous communities in Brazil (1, 5, 7, 9) , as well as inadequate oral hygiene habits and restricted access to both preventive methods and dental care may explain this trend toward an increase in dental caries experience and are particularly important for the determination of the epidemiological aspects of oral health among indigenous populations (1, 11) .
Understanding factors associated with caries experience is the first step toward planning preventive strategies for this public health problem (12, 13) . Therefore, knowledge of the extent of this condition in indigenous populations can contribute to a better allocation of resources and the establishment of public policies aimed at meeting the real needs of this vulnerable group, such as increasing access to healthcare services. Moreover, such knowledge may lead to a better understanding of the similarities and differences in the oral health conditions of the many indigenous groups that are spread throughout different countries, thereby contributing to the establishment of a global panel of information.
Xukuru is a community in the municipality of Pesqueira, state of Pernambuco, Brazil. The oral health status of the Xukuru remains unknown. Thus, the aim of the present study was to evaluate caries experience (dmft/DMFT ≥1) and associated factors among children and adolescents of the Xukuru community in Brazil.
Materials and Methods

Sample characteristics
An exploratory, analytical, cross-sectional, census study was carried out in 342 children and adolescents between five and 15 years of age from a community of 400 individuals in this age range in the Xukuru ethnic group of the city of Pesqueira, state of Pernambuco, Brazil. The participants were distributed among three groups of villages: Santana, Lagoa, São José and Afetos (near urban areas); Gitó, Brejinho, Caípe and Caetano (at an intermediate distance from urban areas); and Pedra D´água and Bananeira (far from urban areas).
Eligibility criteria
Subjects had to be of age 5 to 15 years, belong to the Xukuru ethnic group and reside in one of the ten villages listed above to be included in this study.
Training and calibration exercise
Prior to the examinations, the examiners underwent a training and calibration exercise conducted by a pediatric dentist with more than 10 years of clinical experience, considered a gold standard in this field of knowledge. The exercise was carried out in two steps. The theoretical step involved discussion of the criteria for the diagnosis of dental caries and the analysis of photographs. The clinical step involved examination of 15 non-indigenous children and adolescents who were not part of the main sample. This step was conducted at a school in the municipality of Pesqueira selected by convenience. The participants were examined twice, with a 48-hour interval between examinations for the determination of intra-examiner agreement (K = 0.924).
Data acquisition
Data collection was performed from May to June 2011.
The diagnosis of dental caries was based on the criteria proposed by the World Health Organization (14) . Examinations were performed by two dentists at the residence of the children and adolescents under natural light with the participant seated in a chair. The examiners used mouth mirrors (PRISMA, São Paulo, SP, Brazil) and a WHO periodontal probe (GOLGRAN, São Paulo, SP, Brazil) as well as individual protection equipment.
A questionnaire addressing mother's schooling (categorized based on the level of schooling), monthly household income (categorized based on the monthly minimum wage in Brazil, which was equal to US$ 340) as well as diet and oral hygiene habits was administered to parents/caregivers. To ensure the reliability of the data, the questionnaires were validated using the Face validation method among 10% of the interviewees (15) .
Statistical analysis
Data analysis involved descriptive and inferential statistics. Bivariate and multivariate logistic regression analyses were performed in two models: one for the primary dentition, in which dmft was the dependent variable, and one for the permanent dentition, in which DMFT was the dependent variable. In the model for the primary dentition, only children up to eight years of age were considered for the analysis. Given that these variables had non-normal distribution, they were dichotomized based on the medians as dmft <3 or dmft ≥3 and DMFT <2 or DMFT ≥2. Bivariate analyses were performed to determine associations between the independent and dependent variables. Variables with a P-value <0.20 in the bivariate analysis as well as those considered epidemiological determinants (age group, group of villages, breastfed, bottle fed, consumption of sugar, oral hygiene frequency, mother's schooling and monthly household income) (16) (17) (18) (19) were incorporated into the multiple regression models in ascending order of their p-values (20) . Variables with a P-value <0.05 were maintained in the final regression models. Odd ratios and 95% confidence intervals were calculated. The SPSS program (SPSS for Windows, version 17.0, SPSS Inc., Chicago, IL, USA) was used for the statistical analysis.
Ethical considerations
This study was conducted in accordance with the Declaration of Helsinki and was independently reviewed and approved by the Human Research Ethics Committee of the Caruaru Association of Technical Higher Education under process number 28/2011. All parents/caregivers signed a statement of informed consent.
Results
Among the 400 individuals studied, 342 males and females were examined, corresponding to 85.5% of the indigenous population in this age group residing in the municipality of Pesqueira. Non-participation was due to failure to find individuals after three attempts. The largest proportions of individuals were between nine and ten years of age (23.1%), were female (51.8%) and lived in Gitó, Brejinho, Caípe and Caetano villages (45.3%). The majority of participants had mothers with an elementary school education (75.4%) and lived in families with a household income not surpassing the Brazilian monthly minimum wage (BMW) (US$ 340) (94.7%) ( Table 1) .
The mean dmft index was 3.11. The decayed component contributed most to this index (75.5%), followed by the filled component (20.6%). The mean DMFT index was 2.21. The filled component contributed most to this index (57.9%), followed by the decayed component (35.7%) ( Table 2) .
Caries experience was high in both the primary and permanent dentitions (75.6% and 62.9%, respectively). Table 3 displays the associations between independent variables and dmft ≥3. In the final logistic regression model, dmft ≥3 was associated with children residing in villages far from urban areas (P = 0.016). DMFT ≥2 was associated with older children (P = 0.005) as well as those residing in villages at an intermediate distance (P < 0.001) and far from urban areas (P = 0.009) ( Table 4) .
Discussion
The mean dmft index in the studied population was 3.11, which is similar to the index described for the Xavante community in the state of Mato Grosso, Brazil (3.02) (5), but much lower than indices described for indigenous peoples in other states of Brazil (1, 2, 7) . In comparison to other indigenous tribes (2,5,7), the Xukuru had a low mean DMFT index (2.21), which is similar to findings described in the most recent Brazilian national oral health survey (2.04) (21) as well as findings from studies conducted with non-indigenous children in other parts of Brazil (22, 23) . Unlike the indigenous populations in the studies cited, the Xukuru reside near urban areas, which may facilitate assistance to oral health promotion and preventive measures.
Similar to other indigenous tribes in Brazil (2,5), a high degree of treatment need was found in both the primary and permanent dentitions (75.6% and 35.7%, respectively). These rates are much higher than those reported in the most recent Brazilian national oral health survey (10.5% and 6.7%), which was conducted with non-indigenous people (21) . To understand this aspect, it is important to contextualize socioeconomic factors, oral hygiene practices and access to dental care among the Xukuru population. The interaction between the society and indigenous populations in Brazil has substantially altered the eating habits of the latter. The basis of their diet used to be fibrous foods, such as corn, beans and cassava, as well as a wide variety of fruits, vegetables and meat from hunting. However, the communities have begun to incorporate processed, highly cariogenic foods into their daily routine. Industrialized foods (sweets, cookies, etc.) furnished by visitors as a form of pleasing the communities may have contributed to this aspect. In the region studied, the water supply is not fluoridated and some homes are not connected to the water and sewage systems.
Another point to consider is the difficult access to dental services, which was pointed out in a recent systematic review of the literature as one of the main reasons for inequalities in oral health status between indigenous populations and society (24) . In Brazil, healthcare for indigenous populations is the responsibility of the Brazilian National Health Foundation, which is an agency linked to the Brazilian Ministry of Health. The Xukuru are treated by a single oral health team composed of a dentist and assistant. This service is irregular and apparently insufficient to meet all the needs of the population. Therefore, it is evident that efforts should be made to improve the service.
The oral health status in the population studied herein is characterized by a high dental caries experience (dmft/ DMFT), as this disease affected 75.6% and 62.9% of children in the primary and permanent dentition, respectively. These figures are much higher than the findings of the most recent Brazilian national oral health survey, which may be explained by a combination of factors, such as socioeconomic variables and the increasing consumption of cariogenic foods among indigenous communities in the country (7, 9) . The multivariate regression analysis showed that age was associated with higher caries experience in the permanent dentition, as the children had a greater chance of experiencing caries with the increase in age. This trend has also been observed in a study conducted with nonindigenous Brazilian schoolchildren (23) , and may have occurred due to the fact that a greater number of teeth are found in the oral cavity with the increase in age that are continuously exposed to the harmful effects of sugar consumption (23) . No such association was found for the primary dentition, likely due to the exfoliation process, which naturally diminishes the number of primary teeth in the oral cavity. Further research with this population is required in order to establish support public policies specifically developed to its needs.
"Group of villages" was also associated with higher caries experience for both the primary and permanent dentitions. Children from villages at an intermediate distance and far from urban centers were more likely to have DMFT ≥2 and those belonging to villages far from urban centers had a four-fold greater chance of having dmft ≥3. This finding is in agreement with data from a study conducted in Australian indigenous children, which reported that living in a rural location was the strongest indicator of caries prevalence, severity and unmet treatment needs in the primary dentition (6) . A similar trend has been observed in studies conducted with non-indigenous children from Brazil and Qatar, where children residing in urban areas had lower mean DMFT indices, a significantly lower risk of dental caries and reported significantly fewer toothaches and greater use of dental services than those residing in semi-urban/ rural areas (18, 19) . Actions of the dental team in the Xukuru community are evident, especially given the considerable proportion of the filled component among permanent teeth. However, it seems that the focus of care has been curative actions, which has overlooked preventive measures, such as oral health education and the (25) .
Previous studies conducted in non-indigenous children have found associations between socioeconomic characteristics and dental caries experience (16, 22, 23, 26) . The present results are in contrast with these investigations, as neither household monthly income nor mother's schooling was associated with the outcome. Perhaps cultural and social aspects inherent to indigenous communities in Brazil contribute to a reduction in social inequalities, reducing the negative effect of these variables on the etiology of caries among the population studied.
More than one third (38.6%) of the participants had the habit of adding sugar to milk, which is in agreement with data described in a study involving the Kaiowá/Guarani community in the Brazilian state of Mato Grosso do Sul, 49% of whom added sugar to milk (http://www.teses.usp. br/teses/disponiveis/23/23132/tde-02022005-083542). The lack of a significant association between eating habits and caries experience has been previously shown (27, 28) and may stem from the fact that tooth decay has a multifactor etiology.
Although regular tooth brushing and flossing is considered an effective method for controlling bacterial plaque and preventing dental caries (29) , no association was found in the present study between oral hygiene and caries experience (dmft/DMFT). As stated above, tooth decay has a multifactor etiology and other factors are related to the development of dental caries. Indeed, divergent findings are reported in the literature on the relationship between oral hygiene habits and caries experience (27, 30) .
The present study has limitations that should be addressed. The cross-sectional design does not allow the establishment of a cause-and-effect relationship. The comparison of the findings with data from previous studies was limited by the few investigations carried out on indigenous subjects. The broad confidence interval regarding "age group" (Table 4) is another limitation of this study. In such cases, it is more difficult to determine a precise effect size and there may be some uncertainty in the results. However, there may be enough precision to make decisions regarding the usefulness of an intervention. This factor may also be dependent on sample size and homogeneity (www.cochrane-handbook.org). Moreover, comparisons with other populations should be made with caution, as the results of the present study cannot be extrapolated to all indigenous communities of Brazil. On the other hand, the multivariate regression analysis allowed controlling for confounding variables and obtaining more reliable data. Nonetheless, studies on this topic are rare in Brazil. Thus, the present findings can contribute to the drafting of public health policies directed at indigenous peoples, who constitute a population with insufficient access to health care.
The results of this study demonstrate the need to improve the oral health status of children and adolescents in the Xukuru community. This goal could be reached by the expansion of individual and collective prevention and health promotion measures. Such strategies have been proven to be effective at reducing caries experience in indigenous populations (31, 32) .
In conclusion, caries experience was high among the children and adolescents of the Xukuru community in the municipality of Pesqueira, Brazil, and was associated with older age groups and villages distant from urban areas.
